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Structure-based
Computational Drug Discovery

Compound
Library

Millions of
Molecules

Enrich a collection of compounds with molecules most likely to bind
to the drug target(s)

—> much faster, much more affordable hit & lead discovery
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TEST: 98,163 compound database, 2 drug targets:
ER: 67 known ligands ; VEGFr2: 74 known ligands
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ER: Top 0.3 % of total database (295 candidates, 31 hits): Enrichment =~104
VEGFr2: Top 0.4 % of total database (393 candidates, 4 hits): Enrichment =10
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J. Comp Chem 32 1202 (2011)
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Drug Toxicity, Repurposing
Drug can bind protein of interest
...but also undesired —
proteins \ ] —
Presently: 1 protein 107 ligands 1 day
@ ~10PF: 100 proteins 10° ligands 1 day
Exascale : 1,000 proteins 107 ligands 1 day




» Center for O AK
m I[\:nlecul.ar RID GE
iophysics

| Cellulosic Ethanol |

Breakdown
into sugars

& a
| RECALCITRANCE! |




Molecular Dynamics




Center for O
% Maolecular % AK
| RIDGE

2 B"]I]hl_-IS":S National Laboratory

*ORNL

DOE INCITE:
MD Simulation of Softwood Lignin
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Petridis et al JACS 133 20277 (2011)
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aggregation occurs during heating
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Collapse Driven by Removal of
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Molecules from Lignin Surface to Bulk

Petridis et al JACS 133 20277 (2011)
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Biomass Pretreatment | OAK

Are Lignin Aggregates Spheres?
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Petridis et al Physical Review E 83(61):061911 (2011)
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Solvent-Driven Preferential Association of Lignin
with Crystalline Cellulose
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Supercomputer Scaling
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~ 100 million atoms.

 Scales to 150,000 cores

J. Chem. Theo. Comp. 5 2798 (2009)
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Hydrolysis of biomass by Clostridium thermocellum






But...

Microsecond Timescale Limitation!

New Concepts Needed....
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